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The mammalian habenula is subdivided into medial and lateral habenula, each of which project 
axons to different targets. Specifically, the medial habenula projects to the interpeduncular 
nucleus (IPN), while the lateral habenula projects directly to the median and dorsal raphe, 
substantia nigra (SN), and ventral tegmental area (VTA). This organization is also found in lizard, 
in which the medial and lateral habenula project to the IPN and the raphe nuclei, respectively. 
Recent finding showed that the rostromedial tegmental nuclei (RMTg) also receive projection 
from the lateral habenula and send inhibitory projections to the VTA, SNc, dorsal and median 
raphe.  
Among these pathways, it was recently reported that the lateral habenula is activated in 
response to aversive stimulus as well as outcomes that seem inappropriate for the chosen 
behaviors, as opposed to the inactivation of the midbrain dopaminergic neurons. Consistent with 
these results several fearful stimuli such as restrain stress, tail pinch and unpredictable electrical 
shock increase activity of lateral habenula neurons. Another recent finding showed that increased 
EPSC in the lateral habenula synapses is observed in the learned helplessness rat which exhibits 
depression like behaviors. Besides those finding in model animals, deep-brain-stimulation of the 
lateral habenula effectively improves symptoms of drug-resistant depression patient. Stimulation 
of the lateral habenula has an inhibitory effect on both the dopaminergic and serotonergic 
neurons. In addition, destroying the medial and lateral habenular pathways leads to increased 
monoamine metabolism accompanied by increased locomotion, reduction of REM sleep, and 
impaired responses to stress. These studies suggested that the lateral habenula plays a pivotal 
role in controlling motor and cognitive behaviors by influencing the activity of dopamine and 
serotonin neurons.  
 Classical electrical or neurotoxin mediated lesion study could not target the lateral habeunla 
with enough precision and reproducibility, due to passing fibers from the telencephalon and close 
positioning of medial and lateral habenula. Genetic manipulation of the habenula is suitable 
approach to overcome those problems in regard to specificity and reproducibility. Despite the 
functional significance, manipulating neural activity in a subset of the habenular pathways 
remains difficult, due mainly to the absence of a model animal in which the neural circuitry is 
readily amenable to genetic manipulation. Zebrafish are genetically accessible and amenable to 
imaging neural activities due to their transparency during development. Resolving the 
neuroanatomy of zebrafish habenula should therefore inform the functional dissection of neural 
circuits regulating monoaminergic systems. Fish and amphibian habenula can be subdivided into 
dorsal and ventral habenula based on differences in cytoarchitecture. The zebrafish dorsal 
habenula projects to the IPN and is thus analogous to the medial habenula of mammals. The 




to emerge in the habenular subnuclei and their projections to the IPN. Some neurons in the fish 
and amphibian habenula project to the serotonergic neuron-rich raphe nuclei, although studies 
showing this lacked detailed descriptions of the position of such neurons with respect to the 
dorsal and ventral organization of the habenula. Thus, there is scant experimental evidence of a 
fish homologue of the lateral habenula, particularly with respect to neural connectivity and 
molecular characterization of the neurons. Identification of zebrafish homolog of the mammalian 
lateral habenula enabled us to explore its function precise and reproducible manner by way of 
genetic manipulations. Although electrophysiology and classical lesion studies revealed some 
aspect of the habenular function, direct and specific modulation of the lateral habenula is 
required to elucidate the function of the lateral habenula in regulation of fear behavior.  
 In this study, I identified the zebrafish ventral habenula as a homolog of the mammalian lateral 
habenula by comparing the neural connection, gene expression patterns and location. The 
homology of each aspects suggested that the mammalian lateral habenula circuit is conserved in 
zebrafish. To gain genetic access to the ventral habenula, I established transgenic lines by 
applying BAC transgenesis technique. By inducing expression of the tetanus toxin in the ventral 
habenula, I aimed to elucidate the function of the ventral habenula in regulation of fear response. 
 This dissertation consists of six chapters, which are summarized as follows. 
 In chapter 1, the background of this study is described. The connectivity and reported functions 
of the habenula complex is reviewed in this chapter. I also describe limitation of previous 
approaches to elucidate the function of the lateral habenula with emphasis on importance of 
genetic modulation of neural circuits and zebrafish as a model organism for the functional study.  
 In chapter 2, the methods used in this study are described with materials. The methods for tract 
tracing with dyes, in situ hybridization, immunohistochemistry, construction of plasmids, 
GeneChip analysis, bacterial artificial chromosome (BAC) recombination, focal electroporation, 
cued fear conditioning and behavior data analysis are explained. The plasmids and animals used 
in this study are also described. 
 In chapter 3, the results of this study are described. To address the level of lateral habenula 
conservation in zebrafish, I performed the tract tracing in GFP-expressing transgenic zebrafish to 
identify habenular neurons that project to the raphe nuclei, a major target of the mammalian 
lateral habenula. Axonal tracing in live and fixed fish showed projection of zebrafish ventral 
habenula axons to the ventral part of the median raphe, but not to the interpeduncular nucleus 
where the dorsal habenula projected. The ventral habenula expressed protocadherin 10a, a 
specific marker of the rat lateral habenula, while the dorsal habenula showed no such expression. 
Gene expression analyses revealed that the ventromedially positioned ventral habenula in the 





development. This suggested that zebrafish habenula emerge during development with 
mediolateral orientation similar to that of the mammalian medial and lateral habenula. 
 By using BAC clone of ventral habenula specific gene diamineoxidase, we successfully 
established a transgenic line for genetic manipulation of the ventral habnula. With using the 
ventral habenula specific transgenic line, neural transmission is specifically inhibited by tetanus 
toxin and changes in response to fearful stimulus is assessed. 
  In chapter 4 the result of this study is discussed.  
 First, I discuss evolutionary changes to the mediolateral relationship among corresponding 
structures of the habenula between mammals and zebrafish. Among vertebrates, fish and 
primates show completely opposite orientations of the medial and lateral habenular homologues 
in the mediolateral direction. In macaque monkeys, the lateral habenula is expanded dorsally, 
while the medial habenula is pushed ventromedially and appears to be residual. This contrasts 
with the fish habenula organization and suggests that the differential expansion of the medial or 
lateral habenula in each species reflects the extent of the cortical input through the basal ganglia 
to the lateral habenula. Then, I explain conservation of molecular characteristics and neural 
connectivity between the zebrafish ventral habenula and mammalian lateral habenula. I also 
mention about difference between the zebrafish ventral habenula and the mammalian lateral 
habenula. Finally, specificity of the GFP-Tetanustoxin expression in double transgenic system and 
similarity of fear response between mammals and fish are discussed.  
In chapter 5, future study to understand the function of the ventral habenula in regulation of the 
fear responses is discussed. I hypothesize that serotonin signaling is involved in the regulation of 
fear as a downstream of ventral habenula activity. Strategies to assess involvement of serotonin 
in regulation of fear behavior regulated by the ventral habenula are discussed. 
 In chapter 6, reference is listed in alphabetical order. 
 These findings indicate that the lateral habenular pathways are evolutionarily conserved 
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